Purpose: The Children's Oncology Group (COG) renal tumor study (AREN03B2) requires real-time central review of radiology, pathology, and the surgical procedure to determine appropriate risk-based therapy. The purpose of this study was to determine the inter-rater reliability of the surgical reviews. Methods: Of the first 3200 enrolled AREN03B2 patients, a sample of 100 enriched for blood vessel involvement, spill, rupture, and lymph node involvement was selected for analysis. The surgical assessment was then performed independently by two blinded surgical reviewers and compared to the original assessment, which had been completed by another of the committee surgeons. Variables assessed included surgeon-determined local tumor stage, overall disease stage, type of renal procedure performed, presence of tumor rupture, occurrence of intraoperative tumor spill, blood vessel involvement, presence of peritoneal implants, and interpretation of residual disease. Inter-rater reliability was measured using the Fleiss' Kappa statistic two-sided hypothesis tests (Kappa, p-value). 
within the nephrectomy specimen outside the renal parenchyma including those of the renal sinus, contain tumor. Note: rupture or spillage confined to the flank, including biopsy is no longer considered stage II and is now considered stage III. Residual non-hematogenous tumor present following surgery and confined to the abdomen is considered stage III. Additional stage III criteria include: positive regional lymph node metastases, penetration to the peritoneal surface or implants, gross or microscopic tumor remains postoperatively, local infiltration into vital structures, tumor spillage before or during surgery, the tumor is treated with preoperative chemotherapy before therapy regardless of type of biopsy, tumor is removed in greater than one piece (e.g. tumor thrombus in renal vein removed separately from nephrectomy specimen.
Stage IV is hematogenous metastases (lung, liver, etc) or lymph nodes outside the abdomen. Stage V is bilateral renal involvement [1] . Prior research has shown a high discordance and protocol violation rates when staging was done by an individual institution compared to a central group of experts [2, 3] . Misclassification is likely to adversely impact delivery of appropriate therapy. Under staging a child can result in less therapy and an increased risk of recurrence. Conversely, over staging can result in treatment of increased intensity with an unnecessary higher risk of both short and long-term toxicity.
Quality assurance (QA) is essential to maintain data reliability, validity, and integrity and is mandated by the National Cancer Institute for any clinical trial [4] . Most of the QA review has been performed retrospectively. However, since 2006 treatment on any therapeutic Children's Oncology Group (COG) renal tumor protocol has required enrollment in the Renal Tumor Classification, Biology, and Banking Study (AREN03B2) [5] . Risk assignment is determined by real-time central review of clinical and molecular factors of known predictive value. Central reviewers include a team of surgeons, pathologists, radiologists and oncologists. By performing the central review in real-time (data are delivered and assimilated immediately as collected, day zero is the date of surgical procedure) each individual child is assured the best risk assignment prior to the initiation of therapy. The radiological, surgical and pathology reviews are all performed within 48 h of the patient registering for the study and prior to therapy beginning. We hypothesized a high level of agreement between surgical reviewers. This study's objective was to determine the accuracy and inter-rater reliability of the surgical reviews on AREN03B2 patients.
Patients and methods
ARENO3B2 opened in 2006 and as of May 2012 3200 patients had been enrolled. To enroll on AREN03B2 only, materials only need to be submitted by day 30. To receive an initial risk assignment by day 14, required materials including chest and abdominal imaging, pathology slides and institutional pathology reports and operative reports are requested to be submitted by day 7 after surgery. To register to the study a CT or MRI of the chest and abdomen, pathological specimen and operative note must be submitted within 14 days of the original diagnosis for central review. The radiology review and pathology review occur independently prior to the surgical review. The surgical reviewer determines the final local and disease stage and the oncologist then performs the risk assignment. There are six surgical reviewers with 4-25 years' experience with WT surgical quality reviews. The study statistician selected a blinded sample of 100 unilateral renal tumor AREN03B2 patients, enriched for patients with blood vessel involvement, spill, rupture, and lymph node involvement, for analysis. Sample "enrichment" by the statistician selected a higher level of the more difficult variables to interpret than would occur randomly to be a more stringent test of the reviewers' ability to agree. The more frequent cases of stage I disease where all disease is resected are much less challenging. Cases reviewed previously by either of the study surgeons were excluded. Two committee surgeons (each with over twelve years of experience performing surgery reviews) independently re-reviewed every patient and assigned the local and disease stage. This was compared to the initial central surgical review (Fig. 1) . The key variables of interest were local and disease stage as they determined therapy. Other variables included type of renal procedure, blood vessel involvement, rupture, spill, presence of peritoneal implants, and residual disease status. Results from committee surgeons, as well as the original (different) reviewer, are summarized with contingency tables. Inter-rater reliability was determined using two methods. The Fleiss' Kappa statistic was calculated for each variable [6, 7] . A Kappa score of 1.0 is perfect agreement, 0.8-0.99 almost perfect, 0.6-0.79 substantial, 0.4-0.59 moderate, 0.2-0.39 fair, 0.01-0.19 slight and b0 no agreement [8] . Two-sided hypothesis tests determined whether there was no agreement among the 3 reviewers. A p value of 0.05 was considered significant. All analyses were performed using SAS® version 9.2. Pvalues were not adjusted for multiple comparisons.
Results
In the enriched sample of 100 cases the inter-rater reliability was excellent, with almost perfect agreement. The null hypothesis was also rejected for all variables. Kappa values were almost perfect for: Type of procedure ( (Table 4) ; spill 0.6493 ± 0.0513, p-value: 0.001 and tumor extension into the blood vessels 0.6470 ± 0.0547, p-value: 0.001 (Table 5) . Moderate agreement was seen with presence of residual disease with Kappa = 0.5310 ± 0.0503, p-value: 0.001 and a fair Kappa was noted for determining the presence of peritoneal metastasis with a Kappa = 0.2753+/0.0493, p-value: 0.001.
Discussion
Wilms tumor treatment has served as a paradigm for multimodality cancer therapy. A large volume of data from well controlled randomized therapeutic trials has provided the basis for identification of well-defined risk groups enabling targeted therapy which aims to maximize survival and minimize toxicity. The importance of correctly staging the patient (particularly lymph node invasion) has been recognized since the 1980s [9] [10] [11] . This information resulted in recommendations to alter the staging system for NWTS-3. A prospective study by Othersen et al. [11] examined the surgeon's impression of lymph nodes and compared it to the pathological review. They found that surgeon's impression alone had only a 57% positive predictive value with a false negative rate of 31% and a false positive rate of 18%. The recommended treatment for a child (COG protocols) is based on the individual child's risk. Currently risk is stratified based on a patient's age, tumor weight, histology, local and disease stage and molecular characteristics of the tumor. This is a complex process and requires expertise to ensure proper targeted therapy. The surgeon (and the initial surgery) provides critical information for determining the local and disease stage. Proper surgical approach and procedure, performance, documentation and understanding of the findings at operation all determine local stage and therefore significantly impact therapy. Shamberger et al., in a retrospective study from NWTS-4, identified an increased risk of local recurrence when 1) surgeons failed to sample lymph nodes and 2) tumor spillage occurred. Incorporating these factors in assignment of local tumor stage was critical in the surgical protocol NWTS V that reduced local tumor recurrence and improved the survival rate of children with WT [12] .
Quality assurance of a clinical trial is mandated both internally by the COG, but also externally by the National Cancer Institute. Quality assurance (QA) is essential to maintain study data reliability, validity, and homogeneity. There are several components to a successful QA program [4] . These include insightful study planning, consistent implementation, interval assessment (with special attention to documentation of data quality and methods), and improvement. Particularly important in monitoring progress is the availability of real-time feedback to alter behavior that may negatively impact outcome.
Advances in molecular studies and clinical trials have enhanced cancer knowledge and therapy. For most cancers, staging and classification are now multifactorial, and often multidisciplinary, and therefore pose a greater chance of misclassification. For example, in a Dutch breast cancer trial study, inter-observer variation in pathological examination of breast carcinomas results in substantial differences in clinicopathological risk assessment and subsequently in adjuvant systemic treatment [8] . One method to reduce variability in risk classification is to centrally review each case by experts prior to treatment. This was done for involved-field radiotherapy (IF-RT) in a Hodgkin's disease study. An individual IFRT prescription was provided for every study patient. Central review was significant for improving correctness of stage definition, allocation to treatment groups, and extent of the IF treatment volume [13] .
We have also previously shown that there is discordance in central and institutional review of pathology especially the diagnosis of focal and diffuse anaplasia [3] . To improve pathological staging on NWTS-5 central pathology review was done. NWTS-5 also included a surgical QA program however it was done several months after treatment was started. In the surgical QA analysis from NWTS 5 several key variables that impact therapy noted to be inconsistent and/or misclassified. These included; lymph node assessment, determination of rupture and spill as well of assessment of tumor extent [2] . Based on these The purpose of this study was to assess the surgical inter-rater reliability for determining local and disease stage. Inter-rater reliability is the degree of agreement among raters [14] . It gives a score of how much consensus there is in the ratings given by judges. It is useful in refining the tools employed by human judges, for example by determining if a particular scale is appropriate for measuring a particular variable. If various raters do not agree, either the scale is defective or the raters need to be re-trained. The surgical reviewers for this study consist of six dedicated pediatric surgical oncologists with between 4 and 25 years of renal tumor experience. Each underwent training prior to becoming surgical reviewer. Each reviewer performs approximately 100 cases a year.
The results of this study are encouraging and demonstrate excellent inter-rater reliability. An enriched sample was used to reflect the complexity of cases and to avoid bias towards the more frequent lower stage cases, which are often easier to interpret. Of critical importance the Kappas for the local and disease staging were almost perfect between the three reviewers. Disease stage is a key component for final risk assignment, and local stage dictates important therapy variations. In the NWTS-5 surgical QA the area of greatest variability (and misclassification) was tumor spill or rupture. In this study, improvement was shown, with substantial agreement demonstrated between all three reviewers, Kappa = 0.6493 ± 0.0513.
Although still significant there was less agreement for the presence of peritoneal metastasis. In this category the reviewer had three choices; "yes, no and indeterminate". In review of the discordance noted, an explanation was found. In the practice of assigning the variable as "no" or "indeterminate" the operative report did not explicitly comment on the presence or absence of peritoneal metastasis. This variation in practice had no impact on final stage, as neither would "upstage" patient. Importantly, there was excellent consensus for the "yes" classification.
A moderate Kappa (0.5310 ± 0.0503, p-value: 0.001) was noted between the reviewers classifying the presence of residual disease.
There appears to be some variability in how the presence of nodal disease and microscopic residual was recorded. Some reviewers checked both microscopic residual and lymph node (LN) positivity when only the LN was positive while others checked the LN box only. Either practice resulted in a consistent staging of the patient as stage III. Alterations to the surgical check list, expanding and clarifying this section have occurred as a result of this audit.
A limitation of this study was the focus on the surgical review. Although the surgical review is critical for risk assignment, so are the radiological and pathological reviews. It is possible that a misclassification by one of the other central reviewers would influence the surgical review. In addition we did not compare the institutional staging to the central review staging to look at discordance rates. Finally, all three reviewers could have agreed but still be wrong. The strong statistical significance of the two-sided test makes this less likely. A future study is planned to compare institutional risk assignment to central risk assignment.
The ultimate contribution of real-time surgical review is the assignment of appropriate local and overall disease stage to determine therapy and in this, the process is excellent. Inter-rater reliability for operative findings is lower than expected and highlights potential areas for improvement. This analysis provides validation and establishes precedent for real-time central surgical review as a critical element of a multidisciplinary review utilized to determine treatment assignment in a risk-based stratagem for multimodal cancer therapy. II  20  19  20  III  34  32  29  IV  17  20  22 a 9 patients with renal cell carcinoma were not reviewed. 
Discussant: Dr. Rebecka Meyers (Salt Lake City, UT): I loved that presentation because this is an important topic to me and having spent a lot of time doing reviews for liver tumors I am curious about the quality of the material you are reviewing. Are you reviewing operative reports, I assume?
Response: Thomas Hamilton: Exactly.
Rebecka Meyers: And how about radiographic results and I don't know if the surgeons review the pathology as well, but we are often frustrated by the quality of that data. You can't say if there are peritoneal implants if the surgeon in their report doesn't say it, and I am wondering how much of the lack of consensus on things like peritoneal implants is in the report itself and not the reviewer's.
Response: Dr. Thomas Hamilton: I think that is a very, very good point.
That is exactly what we find is that if the answer was yes there is excellent agreement, like the surgeon described, there is an implant there, we stopped, we just biopsied, and we got out. But if it wasn't specifically stated that they didn't look for implants, some review may say, ah, it didn't sound like there or some may say no. That is part of us being more precise in our definitions but it's very important for us to have the surgeons do as detailed and as thorough an operative note as they can to help us to assign the appropriate risk for each child. Response: Dr. Thomas Hamilton: In terms of looking at the preoperative assessment?
Dr. Daniel Von Allmen: Things like peritoneal implants and these things that there is potentially poor reliability.
Thomas Hamilton: I think this has been published in a paper recently. Peter Ehrlich may be an author on that paper. Do you want to answer that?
Response: Dr. Peter Ehrlich (Ann Arbor, MI): We did a study that has been published where the radiologist looked at their predictive power of determining both preoperative rupture and peritoneal metastases and the CAT scan. There was no correlation between that. If there is a rupture there are signs that go well but they can't predict whether there has been a rupture with any degree of accuracy and same with nodal status too. Thomas Hamilton: I think it may be larger than we want but I think a very large number are involved in COG studies. There are data bases which would show us that some are not being enrolled in the COG but I think all the ones that are certainly are getting this appropriate review and receiving appropriate care.
